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CLAIMS 



[Claim(s)] 

[Claim 1] The silicon single crystal substrate which it is the silicon single crystal substrate cut 
down from the silicon single crystal manufactured by the Czochrlski method, and the nitrogen 
concentration in this substrate is three or less three or more 1x1013 atoms/cm1x1016 
atoms/cm, and carbon concentration is three or less three or more 5x1016 atoms/cm1x1018 
atoms/cm, and crosses throughout the substrate thickness of this substrate and is further 
characterized by a crystal defect 0.1 micrometers or more being three or less [ 105 //cm ] in 
diameter conversion. 

[Claim 2] The silicon single crystal substrate according to claim 1 whose defect density in a field 
shallower than 5 micrometers it is said silicon single crystal substrate which carried out device 
heat treatment, and the defect density of the substrate thickness core after device heat 
treatment is three or more [ 109 //cm ], and is three or less [ 5x104 //cm ] from a substrate 
front face. 

[Claim 3] The silicon single crystal substrate according to claim 1 or 2 whose oxygen density in 
the substrate thickness core of said silicon single crystal substrate is three or less three or 
more 1x1017 atoms/cm6x1017 atoms/cm. 

[Claim 4] The manufacture approach of the silicon semi-conductor substrate characterized by 
slicing and grinding the silicon single crystal ingot raised [ carbon / three or less three or more 
1x1016 atoms/cm1.5x1019 atoms/cm and ] by the Czochrlski method using the silicon melt 
contained three or less three or more 5x1017 atoms/cm1x1019 atoms/cm in nitrogen, and using 
it as a silicon single crystal substrate. 

[Claim 5] The manufacture approach of the silicon semi-conductor substrate according to claim 
4 which are the conditions with which are satisfied of V/G(mm2/degree-C and min) >=0.2 when 
the training conditions of said silicon single crystal ingot set the average temperature gradient of 
V (mm/min) and the crystal growth shaft orientations to melting point -1300 degree C to G 
(degree C/mm) for a crystal-pulling rate. 



[Translation done.] 



BEST AVAILABLE COPY 



* NOTICES * 




JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention has few crystal-face defects of a substrate 
about a silicon single crystal substrate and its manufacture approach, and it is related with the 
silicon single crystal substrate excellent in the oxide-film proof-pressure property, and its 
manufacture approach. 
[0002] 

[Description of the Prior Art] the CHOKURARU skiing (CZ) used as a substrate of a high 
accumulation MOS device — the silicon single crystal substrate manufactured by law is asked 
for quality crystallinity which does not have a bad influence on device properties, such as an 
oxide film proof-pressure property, a pn junction leak property, and a gettering property. 
[0003] It has become clear that the crystal defect which degrades the initial dielectric- 
breakdown (TZDB) property of the oxide-film proof-pressure properties exists in the silicon 
single crystal immediately after crystal training in recent years. Those crystal defects are 
detected by the crystal defect appraisal method which used substrate washing of a selective 
etching method and an ammonia system, or infrared dispersion and infrared interference, and are 
generally called a grown-in defect. Each stereo of these defects is an octahedron void defect. 
Especially the thing that the octahedron void defect actualized as an etch pit on the front face 
after wafer washing of an ammonia system is called COP (Crystal Originated Particle) ( J. Ryuta, 
E. Morita, and T. Tanaka and Y. Shimanuki, Jpn. J. Appl. Phys. 29, L1947 (1990)). It is known that 
it is the cavity (void) which the atomic hole (vacancy) introduced from a solid-liquid interface 
condensed these, and was made. If it becomes beyond the value (gammacrit) which has V/G 
according to the Voronkov model, since the atomic hole more than equilibrium concentration will 
be introduced from a solid-liquid interface, it is supposed that they condense in a certain 
temperature region under crystal training, and will be set to COP. 

[0004] Contrary to this, when V/G becomes below gammacrit, the interstitial atom (Interstitial) 
introduced from the solid-liquid interface condenses, and an interstitial atom mold dislocation 
loop with a size of about 50 micrometers is formed. Although a bad influence does not give this 
dislocation loop to an oxide-film proof-pressure property, degrading a pn junction leak property 
is known. 

[0005] Since it has stated above, in order to manufacture a high quality silicon single crystal 
substrate, if possible, it is necessary to reduce COP and a dislocation loop near the substrate 
front face which affect a device property. 

[0006] As the COP reduction approach (A) by which the conventional proposal is made How to 
control crystal training conditions (B) Approach ** which adds an impurity harmless to an 
electrical property is proposed. 

[0007] As the approach of (A), JP,2-267195,A is mentioned, for example. This lowers V/G, 
makes it below gammacrit and controls installation of an atomic hole. However, since an 
interstitial atom is introduced by this approach, a dislocation loop occurs and it is not desirable 
in respect of the quality of a substrate. Moreover, in JP,7-257991,A, the method of generating 
neither COP nor a dislocation loop is proposed by adjusting V/G near gammacrit at a precision 



and carrying out crystal trair^^pHowever, since considering adaptatio^^^ctual crystal 
manufacture COP or a dislocation loop occurs by delicate fluctuation of V/G by this approach, 
control is difficult and lacking in practicality. 

[0008] As the approach of (B), it is the case where nitrogen is used as an impurity for defective 
control, for example, there is JP.1 1-349393, A. This is quenching the crystal which carried out 
nitrogen addition, and is the approach of setting COP size to 70nm or less. Since quenching of a 
crystal which has stated this approach by this .approach if a crystal becomes large by diameter- 
ization of macrostomia of a future crystal (8 inches (200mm), 12 etc. inches (300mm), etc.), 
although only the example of adaptation of a 6 inch (150mm) crystal is shown becomes difficult, 
it is not practical. Moreover, when JP,1 1-349394.A lowers V/G and an interstitial atom 
installation field is used, since it condenses and does not become a dislocation loop, the 
interstitial atom is carried out [ that the substrate which neither COP nor a dislocation loop has 
can be manufactured, and ] as the crystal which carried out nitrogen addition. However, the 
interstitial atom of a nitrogen addition crystal may condense depending on conditions, and it may 
become a dislocation loop. Furthermore, saying that V/G is lowered is exactly lowering the 
crystal training rate V as a matter of fact, and since it leads to the fall of productivity, it is not 
practical. Moreover, the method of generating neither COP nor a dislocation loop is proposed by 
JP.2000-7498.A and JP.2000-7486.A by performing nitrogen addition, adjusting V/G near 
gammacrit at a precision and carrying out crystal training. However, since considering adaptation 
in actual crystal manufacture COP or a dislocation loop occurs by delicate fluctuation of V/G by 
this approach, control is difficult and lacking in practicality. 

[0009] By the approach of (B), when carbon is used as an impurity for defective control, by 
JP,1 1-302098,A, the method of adding carbon, and making a raising rate low, and making some or 
the whole surface of a substrate into an interstitial atom field is proposed [ ****** ]. As the 
crystal by which carbon addition was carried out, since an interstitial atom does not condense 
and a dislocation loop is not formed, manufacture of the wafer with which neither COP nor a 
dislocation loop exists is enabled. However, since it is necessary to make the crystal-pulling rate 
V small and leads to the fall of productivity by this approach, it is not practical. 
[0010] The oxygen mixed in the silicon single crystal substrate manufactured on the other hand 
by the CZ process used as a substrate of a high accumulation MOS device during crystal 
manufacture exists in supersaturation, it deposits in a next device process, and an oxygen sludge 
is formed in the interior of a substrate. The heavy metal which this oxygen sludge mixes into a 
device process when [ for the interior of a wafer / sufficient ] amount existence is recognized is 
absorbed inside a wafer, and the interior of a substrate which is a device barrier layer is 
maintained at clarification. Since it is effective in preventing device property degradation 
according such a technique to in thorin chic gettering, a call, and heavy metal pollution, the 
silicon single crystal substrate is asked for moderate precipitation of oxygen happening into a 
device process. 

[001 1] However, since the part will be formed for the precipitation of oxygen in a device process 
also near the wafer front face depending on a device process when many [ too ], we are anxious 
about the surface discontinuity of a sludge reason having a direct bad influence on device 
actuation. Especially in the low-temperature process which becomes in use from now on, since 
the out-diffusion of oxygen stops being able to happen easily, it is thought that the problem of 
the precipitation-of-oxygen reason defect near the front face becomes remarkable. 
[0012] In order to manufacture the high quality silicon single crystal substrate corresponding to 
the low-temperature process which becomes in use from now on from having stated above 
especially, it is necessary to secure the oxygen sludge more than a fixed consistency in the 
interior, and to lessen the crystal defect near the front face. 

[0013] As an approach of strengthening the gettering capacity by which the conventional 
proposal is made, by JP,58-1 9771 6,A, it is adding carbon three or more 1 - 5x1016 atoms/cm, 
and the method of promoting precipitation of oxygen is proposed, for example. However, by this 
approach, the oxygen sludge consistency of a substrate is securable, although the gettering 
property is good, there is a possibility that an oxygen sludge may be generated near the 
substrate surface pole, and there is concern which cannot be used as a substrate of a high 



accumulation MOS device. 
[0014] 

[Problem(s) to be Solved by the Invention] This invention is the silicon single crystal substrate 
obtained from the silicon single crystal raised by the CZ process on the crystal training 
conditions that ******** and productivity do not spoil difficulty practically, either, and aims at 
extinguishing a crystal defect in a device process, and having a silicon single crystal substrate 
and a still more moderate gettering property after a device process which are good, and offering 
the silicon single crystal substrate with few defects and its manufacture approach near the front 
face. 
[0015] 

[Means for Solving the Problem] We searched the direction of the crystal defect reduction by 
impurity addition from a viewpoint of controlling a crystal defect, without if possible giving 
constraint to crystal training conditions. It thought that it was difficult in that case to attain 
target quality only by nitrogen addition, and as a result of looking for nitrogen and the element 
which is effective in reducing COP similarly, it found out that carbon was equivalent to it. 
Furthermore, a header and this invention were completed for a void field being extinguished 
effectively and a crystal manufacture yield being able to improve further by adding both to 
coincidence. 

[0016] Namely, this invention (1) It is the silicon single crystal substrate cut down from the 
silicon single crystal manufactured by the Czochrlski method. The nitrogen concentration in this 
substrate by three or less three or more 1x1013 atoms/cm1x1016 atoms/cm And carbon 
concentration is three or less three or more 5x1016 atoms/cm1x1018 atoms/cm. Furthermore, 
the silicon single crystal substrate which crosses throughout the substrate thickness of this 
substrate and is characterized by a crystal defect 0.1 micrometers or more being three or less 
[105 //cm ] in diameter conversion, (2) It is said silicon single crystal substrate which carried 
out device heat treatment, and the defect density of the substrate thickness core after device 
heat treatment is three or more [ 109 //cm ]. And the silicon single crystal substrate given in (1) 
the given defect density in a field shallower than 5 micrometers is three or less [ 5x104 //cm ] 
from a substrate front face, (3) (1) whose oxygen density in the substrate thickness core of said 
silicon single crystal substrate is three or less three or more 1x1017 atoms/cm6x101 7 
atoms/cm, or a silicon single crystal substrate given in (2), (4) Nitrogen Three or less three or 
more 1x1016 atoms/cm1.5x1019 atoms/cm, And the silicon melt which contains carbon three or 
less three or more 5x1017 atoms/cm1x1019 atoms/cm is used. The silicon single crystal ingot 
raised by the Czochrlski method The manufacture approach of the silicon semi-conductor 
substrate characterized by slicing and grinding and considering as a silicon single crystal 
substrate, (5) The training conditions of said silicon single crystal ingot a crystal-pulling rate V 
(mm/min), When the average temperature gradient of the crystal growth shaft orientations to 
melting point -1300 degree C is set to G (degree C/mm), they are the conditions with which are 
satisfied of V/G(mm2/degree~C and min) >=0.2. It is the manufacture approach of a silicon 
semi-conductor substrate given in (4). 
[0017] 

[Embodiment of the Invention] When COP is exposed to a substrate front face, the device 
formed on it starts a malfunction. For example, when an oxide-film proof-pressure property is 
considered, as a result of taking into consideration an oxide-film growth process and COP size, it 
is expected from a front face that COP which exists in a field shallower than a depth of 1 
micrometer affects a device property. If the probability for COP which exists in a shallow field 
from a front face in the device of 2 to cause a device malfunction from a depth of 1 micrometer 
is calculated, when a COP consistency will exceed 105 3 [ /] cm over the depth whole region of 
a substrate 20mm of electrode surface products generally used, a percent defective exceeds 
1 0%. Since the percent defective which is the acceptance criteria of a common substrate is 
about 10%, in order to meet these criteria, it is necessary to make a COP consistency or less 
[ 105 //cm ] into three over the depth whole region of a substrate. In addition, it is evaluating a 
thing 0.1 micrometers or more by diameter conversion as a COP consistency, since, as for less 
than 0.1 -micrometer COP, it turns out that an oxide-film proof-pressure property's is not 



affected, and the oxide-film |^^f-pressure property of the substrate ^^be evaluated. 
[0018] If nitrogen is added, the condensation behavior of an atomic hole will change and it will be 
hard coming to condense an atomic hole on the training conditions (namely, V/G(mm2/degree-C 
and min) >=0.2) into which an atomic hole is introduced. This is considered for checking that an 
atomic hole clings to COP in order that the nitrogen which exists in a crystal may change COP 
surface energy. Consequently, the reaction rate COP incorporates a surrounding atomic hole and 
grows up to be becomes slow, as a result, the COP number decreases and it is thought that 
each size also becomes small. Although it falls, a COP consistency is one side, and if it increases 
nitrogen concentration too much and becomes close to the solid-solution limit of nitrogen, some 
nitrogen will condense it with melt in silicon melt, and it will serve as minute particle, so that 
nitrogen concentration is made high. If such particle drifts and attaches the inside of melt for the 
solid-liquid interface of a silicon single crystal and melt, polycrystal-ization will take place from 
there and single crystal growth will become impossible. Therefore, it is more desirable to stop an 
addition if possible. 

[0019] Moreover, apart from nitrogen, it is also possible for adding only carbon to reduce a COP 
consistency and size. It is thought that carbon also has the same effectiveness as nitrogen. 
However, if carbon also becomes close to a solid-solution limit, polycrystal-ization will become 
easy to take place like nitrogen. 

[0020] the addition of the above thing to an element — if possible — few — carrying out — in 
addition — and it is desirable practically to make a COP consistency or less [ 105 //cm ] into 
three. As a result of searching for the approach of reducing COP, in consideration of this, it 
found out that it was effective to add nitrogen and carbon to coincidence. The COP consistency 
is falling [ the direction which added carbon to coincidence also by the same nitrogen 
concentration compared with nitrogen independent addition ]. Similarly, the COP consistency is 
falling from the crystal which added independently the carbon of the concentration with the 
same crystal which added nitrogen and carbon to coincidence. The addition of the nitrogen and 
carbon required from this in order to lessen a COP consistency when nitrogen and carbon are 
added to coincidence was understood that it is possible to make it fewer than the case where 
each is added independently. That is, since it is possible to lessen the addition of each element 
compared with a solid-solution limit, it is possible to lessen the probability of polycrystaHzing 
and to raise productivity. It is an effective approach also in respect of raising not only the 
superposition of the mere COP reduction effectiveness but the crystal yield to carry out 
simultaneous adding of nitrogen and the carbon from the above thing. 

[0021] In order to make a COP consistency or less [ 105 //cm ] into three, it is required to add 
nitrogen three or more 5x1013 atoms/cm more preferably three or more 1x1013 atoms/cm, and 
to add carbon three or more 7x1016 atoms/cm more preferably three or more 5x1016 
atoms/cm. Although 1x1018 atoms/cm3 is exceeded and it is necessary to add carbon in order 
to make a COP consistency or less [ 105 //cm ] into three when nitrogen is less than three 
1x1013 atoms/cm, since it becomes close to a solid-solution limit, polycrystal-ization takes 
place, and the yield falls remarkably. Moreover, although 1x1016 atoms/cm3 is exceeded and it is 
necessary to add nitrogen in order to make a COP consistency or less [105 //cm ] into three 
when carbon concentration is less than three 5x1016 atoms/cm, since it becomes close to a 
solid-solution limit, polycrystal-ization takes place, and the yield falls remarkably. The nitrogen 
concentration upper limit in the case of nitrogen and carbon simultaneous adding is 1x1016 
atoms/cm3, and a carbon concentration upper limit is 1x1018 atoms/cm3. If it adds more than 
this, since it becomes close to each solid-solution limit, polycrystal-ization will take place, and 
the yield will fall remarkably. 

[0022] In addition, it is as when nitrogen is added more than a certain concentration. It sets into 
the crystal which added carbon to nitrogen although it was already known that the oxygen sludge 
of grown will be generated, and is as. Generating of a grown oxygen sludge was not seen. A 
cause is as when simultaneous adding of nitrogen and the carbon is carried out compared with 
the case of nitrogen independent addition, although it was not certain. Since the number of 
grown deposit nucleus sites increases, it is each as. It thinks because the size of a grown sludge 
became very small. 



[0023] When device process treatment is performed to such a sil^^^single crystal 
substrate, there are many internal sludge consistencies compared with the crystal which does 
not perform nitrogen and carbon addition. This is considered because nitrogen or carbon is the 
generating nucleus of an oxygen sludge. Generally, if there is a 109 more than [/cm / 3 ] oxygen 
sludge consistency, it is known experientially that the gettering of the impurity metals, such as 
iron and nickel, can be carried out enough. Since the oxygen sludge consistency after a device 
process becomes three or more [109 //cm ] when simultaneous adding of nitrogen and the 
carbon is carried out, nitrogen is three or more 1x1013 atoms/cm and carbon is three or more 
5x1016 atoms/cm, sufficient gettering property can be acquired. 

[0024] On the other hand, the operation by which the above deposits are promoted depending on 
device process heat treatment conditions serves as an opposite effect, and an oxygen sludge 
may be generated near the substrate front face. Old 64MB In the device process to DRAM, since 
elevated-temperature heat treatment of 1 100 degrees C or more was included in the process, 
the oxygen near a substrate front face carries out out-diffusion, and the oxygen sludge near the 
front face is easy to disappear in a process. However, in the DRAM process after 128MB, it is 
said that the heat treatment temperature of a device process becomes in the direction low- 
temperature-ized on the whole (even a maximum temperature 1 1 00 degrees C or less). That is, 
since the out-diffusion of oxygen will not fully happen, oxygen remains near a front face, 
consequently an oxygen sludge becomes easy to be made near the front face. When the out- 
diffusion profile of the oxygen by the low-temperature process was seen, when a maximum 
temperature received heat treatment for 40 minutes at 1000 degrees C, in the shallow field from 
a substrate front face to 2 micrometers, it had become below one half of the oxygen density 
based on substrate thickness, for example. Therefore, most precipitation of oxygen cannot be 
set and found in this field. 2-5 micrometers has become to it more than one half of the oxygen 
density based on substrate thickness, and it is the field where an oxygen sludge can grow. For 
example, since breadth of pn junction is set to about 5 micrometers in the depth direction when 
a pn junction leak property is considered, it is expected that the oxygen sludge which exists in 
the depth from a front face to 5 micrometers has a bad influence on a pn junction leak property. 
If defect density which is a general electrode surface product and from which a pn junction leak 
property percent defective becomes 10% is computed 20mm supposing 2, in the depth to 5 
micrometers, 5x104 pieces /will be set to 3 from a front face cm. Therefore, it is desirable to 
make defect density of a field shallower than 5 micrometers or less [5x104 //cm ] into three 
from a wafer front face. 

[0025] A silicon single crystal substrate whose gettering property a pn junction leak property is 
good also after a low-temperature process, and is good and which was further excellent in 
quality is made by making defect density of a field shallower than 5 micrometers or less 
[ 5x104 //cm ] into three from a wafer front face after a device process, and making defect 
density based on thickness or more [ 109 //cm ] into three from the above thing. In addition to 
COP consistency reduction, especially the silicon single crystal substrate used in the low- 
temperature device process which may be applied with a future device thinks that addition of 
such quality is effective. 

[0026] Although it is based also on device process conditions in order to realize the substrate 
obtained from the silicon single crystal which carried out simultaneous adding of nitrogen with 
which COP becomes three or less [ 105 //cm ], and the carbon, it is desirable to make the 
oxygen density in a substrate into three or less 4x1017 atoms/cm more preferably three or less 
6x1017 atoms/cm. In the range of this concentration, when 1000 degrees C and process heat 
treatment for 40 minutes are performed, in the depth of 5 micrometers of front faces, an oxygen 
density is three or less 4x1017 atoms/cm, and nitrogen concentration becomes below one half of 
a substrate thickness core. In such a field, it is already checked experimentally that precipitation 
of oxygen will not happen. In the crystal which adds neither nitrogen nor carbon, if an oxygen 
density is lowered, a precipitation-of-oxygen consistency will fall. On the other hand, as the 
crystal which carried out simultaneous adding of nitrogen and the carbon, since an oxygen 
density is decided by nitrogen concentration and carbon concentration almost uniquely, even if it 
lowers an oxygen density, the sludge consistency based on substrate thickness does not change. 



However, since the precipita1^^^>f oxygen itself will not happen if ther^^^io oxygen density of 
1x1017 atoms/cm [ three or more ], more than this concentration is indispensable. 
[0027] Next, the manufacture approach of the silicon single crystal substrate mentioned above is 
explained below. 

[0028] In order to raise the silicon single crystal which contains nitrogen 1x1013 atoms/cm3- 
1x1016 atoms/cm3, it is necessary to add the nitrogen of 1x1016 atoms/cm3 - 1.5x1019 
atoms/cm3 in silicon melt from the relation of a segregation. In this case, since it becomes close 
to a solid-solution limit when 1.5x1019 atoms/cm3 is exceeded and it is added, polycrystal- 
ization becomes easy to take place and it is unsuitable to practical use. 

[0029] In order to raise the silicon single crystal which contains carbon 5x1016 atoms/cm3- 
1x1018 atoms/cm3, it is necessary to add three or more 5x1017 atoms/cm carbon in silicon 
melt from the relation of a segregation. On the other hand, since it becomes close to a solid- 
solution limit when carbon exceeds 1x1019 atoms/cm3 and is added in silicon melt, polycrystal- 
ization becomes easy to take place and it is unsuitable to practical use. 

[0030] About the training conditions of the silicon single crystal which carried out simultaneous 
adding of nitrogen and the carbon, V/G (mm2/degree C and min) should just be 0.2 or more. In 
the crystal which adds neither nitrogen nor carbon, the atomic hole where V/G (mm2/degree C 
and min) is superfluous on 0.2 or more conditions is introduced from a solid-liquid interface, and 
a void defect, i.e., COP, is formed. However, although a superfluous atomic hole is introduced 
from a solid-liquid interface when nitrogen and carbon are added to coincidence, they are not 
set to COP which has a bad influence on an oxide-film proof-pressure property in order not to 
cause condensation. If it becomes large, since V becomes large so much, productivity of V/G will 
improve. Although especially the upper limit of V/G is not specified, 0.35 becomes a de facto 
upper limit from current furnace structure. Since a superfluous interstitial atom is introduced 
from a solid-liquid interface when V/G is less than 0.2, they condense and an interstitial atom 
mold dislocation loop is formed. This dislocation loop is unsuitable as a substrate in order to 
degrade a pn junction leak property. Although it turns out that a dislocation loop decreases 
compared with a crystal without addition when nitrogen and carbon are added, it may remain 
somewhat. Moreover, since the raising rate V becomes low, productivity falls, and it is not 
desirable practically. 

[0031] This invention is not restricted by the publication of these examples although the example 

of this invention is given and explained below. 

[0032] 

[Example] (Example 1) The silicon single crystal manufacturing installation used for this example 
will not be especially restricted, if used for the silicon single crystal manufacture by the usual CZ 
process. The silicon single crystals raised using this equipment are a conduction type:p mold 
(boron addition), diameterrof crystal 8 inch (200mm) f and resistivity:8.5-10.5-ohmcm. Nitrogen 
addition was performed by throwing in a silicon wafer with a nitride in silicon melt. The nitrogen 
concentration in silicon melt was computed from the nitrogen total amount of the thrown-in 
silicon wafer with a nitride, and the amount of silicon melt. Carbon addition was performed by 
throwing in carbon powder in silicon melt. The carbon concentration in melt was computed from 
the total amount of the thrown-in carbon, and the amount of silicon melt. In order to change 
V/G when considering as the raising rate V (mm/min) and the average temperature gradient G of 
the crystal growth shaft orientations to melting point -1300 degree C (degree C/mm), the silicon 
single crystal was raised on two or more crystal training conditions of having changed the 
internal structure of the rate of crystal growth or a silicon single crystal manufacturing 
installation. The oxygen density was adjusted by controlling the parameter of a crucible 
rotational frequency and others. 

[0033] The silicon single crystal substrate was cut down from this crystal, and the following 
evaluations were performed. Nitrogen concentration extracted the sample from this silicon single 
crystal substrate, and measured it using secondary-ion-mass-spectroscopy equipment (SIMS). 
An oxygen density and carbon concentration were measured using infrared absorption. As a 
conversion factor, the oxygen density conversion factor by Japan Electronic Industry 
Development Association was used. In order to measure defect density, it washed by H20, 



H202, and SC-1 penetrant r^^^er that considers NH40H as a prese^^on, and COP 0.1 

micrometers or more was measured with the surface contamination plan by diameter conversion. 
The volume density of COP was calculated from the number of the increments in COP when 
performing repeat washing of SC-1, and the amount of etching of the silicon single crystal 
substrate in one SC-1 washing. In addition, the defect density for which carried out in this way 
and it asked is as although it is a thing on the front face of a substrate. Since the defect is 
distributed in the depth direction at homogeneity in the case of a grown substrate, the defect 
density for which it asked by the above-mentioned approach is considered to be equivalent to 
the central value covering the substrate thickness whole region. 

[0034] In order to evaluate an oxide-film proof-pressure property, the MOS capacitor which 
stacked 25nm gate oxide on the substrate in 1 000 degrees C and desiccation oxygen, and 
stacked the boron dope polish recon electrode of 2 the thickness of 500nm and an area of 20mm 
on it was created. Electric field were impressed to the above-mentioned MOS capacitor, and the 
average electric field concerning gate oxide in case judgment currents are 0.1 A/cm2 made the 
rate of the number of an MOS capacitor which shows 1 1 or more MV/cm the rate of success. 
[0035] Moreover, in order to evaluate a pn junction leak property, pn junction diode was created 
on condition that the following. First, after performing protection oxidation for the silicon single 
crystal substrate in 1000 degrees C and a desiccation oxygen ambient atmosphere and carrying 
out the 5x1015-/cm2 ion implantation of Lynn, DORAIBUANIRU was performed by 1000 degrees 
C and the nitrogen-gas-atmosphere mind for 30 minutes. As isolation, in the form surrounding a 
component, the guard ring electrode has been arranged and pn junction diode was created. 
Component area is 2 20mm and created the 547-point component in the field of a 8 inch 
(200mm) substrate. As evaluation conditions, the reverse bias electrical potential difference was 
impressed 30V at the room temperature, and the current which flows then made the ratio of the 
component which was 1 or less pA the rate of success. An evaluation result is shown in Table 1 
also including the example of a comparison. 
;0036] 
Table 1] 
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[0037] "Ie4" is "1E+04" here. 



[0038] Defect density becam^^pitrogen concentration / three or morHPl013 atoms/cm and 
carbon concentration ] three or less [ 105 //cm ], and the three or more 5x1016 atoms/cm 
thing had the rate of success of oxide-film pressure-proofing as good as 90% or more. For three 
or more 5x1013 atoms/cm or carbon concentration, three or more 1x1013 atoms/cm and carbon 
concentration was [ nitrogen concentration / nitrogen concentration ] three or less [ whose 
defect density is a measurement lower limit / 104 //cm ] further three or more 5x1016 
atoms/cm, and especially the thing that is three or more 7x1016 atoms/cm had very good 
quality. Nitrogen concentration became less than 90%, and less than three 1x1013 atoms/cm or 
carbon concentration of defect density was [ concentration / the less than three 5x1016 
atoms/cm thing ] inferior also in the rate of success of a 105-piece [/cm ] 3 super-next door 
and oxide-film pressure-proofing compared with the example. In addition, the difference of the 
defect density by the difference in an oxygen density and the difference of an oxide-film proof- 
pressure property were not seen. As for the thing of 0.1, V/G (mm2/degree C and min) was 
three or less [105 //cm ], and the rate of oxide-film proof-pressure success was also 90% or 
more, and it was [ the defective number of the rate of success of pn junction leak ] 90%. Since 
the dislocation loop remained, it is considered that pn junction leak was somewhat inferior 
compared with the thing of V/G>=0.2. 

[0039] (Example 2) Raising of a silicon single crystal and the addition method of nitrogen and 
carbon are the same as that of an example 1. 

[0040] Heat treatment equivalent to a low-temperature device process as shown in the silicon 
single crystal substrate cut down and created from this crystal in Table 2 was performed. 
[0041] 
[Table 2] 
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[0042] Next, surface discontinuity was measured using the Mitsui Mining & Smelting LSTD 
scanner (MO-6). As sensibility, conditioning was carried out so that a defect 50nm or more could 
be detected. The wavelength of the laser for defective detection enabled it to measure the 
crystal defect from a front face to a depth of 5 micrometers using about 700nm thing. Moreover, 
OPP (Optical Precipitate Profiler) of Bio-Rad was used for the oxygen sludge based on 
substrate thickness. The Measuring condition set the focus of the 2 flux of lights of laser as the 
location which went into the interior of a substrate 375 micrometers from the mirror side side 
front face of a substrate, and scanned the substrate in parallel to the mirror side. The defect 
from which the signal strength then obtained by carrying out signal processing of the phase 
contrast of the 2 flux of light electrically becomes more than 2.0V was counted. Defect density 
was computed after removing a ghost signal from the obtained size distribution. 
[0043] The pn junction leak measurement after low-temperature device process heat treatment 
is the same as that of an example 1. 

[0044] Moreover, in order to evaluate the gettering behavior after low-temperature device 
process heat treatment, nickel was applied to the wafer front face two times 1014 atoms/cm 
with the spin coat method, and the MOS diode was mounted. The conditions of gate oxidation 
are 1000 degrees C, 30 minutes, and dry02, and oxide-film thickness could be 300nm. Then, 
generating life time measurement by the MOS-C-t method was performed. An evaluation result 
is shown in Table 3 also including the example of a comparison. 
[0045] 
[Table 3] 
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[0046] For less than three 1x1013 atoms/cm or carbon concentration, a less than three 5x1016 
atoms/cm thing is [ nitrogen concentration ] as. In order to remain as it is and to degrade a pn 
junction leak property even after the defect seen by grown heat-treating, the rate of success 
was 90% or less. It is as when nitrogen concentration is [ three or more 1x1013 atoms/cm and 
carbon concentration ] three or more 5x1016 atoms/cm. Although the defect was three or less 
[ 4x104 //cm ] in the state of grown, after heat treatment, oxygen density 6x1017 atoms/cm3 is 
exceeded, and surface discontinuity was inferior in the 5x104-piece [/cm ] 3 super-next door 
and the pn junction leak property a little compared with the three or less oxygen density 6x1017 
atoms/cm thing. The thing of 4x1017 atoms/cm3 was three or less [ whose surface discontinuity 
after heat treatment an oxygen density is a measurement lower limit / 1 04 //cm ], and its pn 
junction leak property was very good. In addition, as for each example, the sludge consistency 
after heat treatment excelled [ life time ] in 20 or more msecs and a gettering property three or 
more [ 109 //cm ]. 
[0047] 

[Effect of the Invention] The silicon single crystal substrate of this invention is excellent in 
device properties, such as an oxide film proof-pressure property, and there is little surface 
discontinuity after a device process, and the precipitation of oxygen inside a substrate is 
excellent in the gettering capacity of cause heavy metal enough. It is the optimal silicon single 
crystal substrate for manufacturing the wafer for MOS devices of which the high dependability of 
a high degree of integration is required from the above thing. Moreover, since the manufacture 
approach of the silicon single crystal substrate of this invention is excellent in productivity while 
a crystal yield is improved, low-cost-izing is possible for it. 
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SC£*5^S-CS>S. xio ,J atoras/c 
m 3 *jffi©*^«. COP^lO'I/cm'OTtc 
T&tclblC, fitm* 1 x l o ,5 a t oms/cm 3 =&® 

MjMbVjecQ. *a*»)*MfL<isT-*-*. sit. 

K?«JS* 5 5 x l 0 ,6 a t o ms/cm s *i8®t|^B, 

COP^Ig^ 1 0 5 f@/cm 3 ttTK-rSfci*{C. 

1 x l 0"a t oms/cm'^jiiirEisW^g 

s*MifL< erf ^ 0 mm • j^i^gsflnoii-^© 

M3S?iiJS±|!S« 1 x l 0 ,6 a t oms/cm 3 -C&«3> 
^f^)g±KWl xi0"at oms/cm'TM. 

cn«±?3s»n-r z t . -€-n-en©@®fs«:ia < u&tctb 

[0 02 2 ] ttJB. fi***S»ttfel±»J!in-r4 i. a 
s grown ©IMS*Tia«l*J*4-r SCi ASgJCC^a 6 

g r o wnKfffifflWM^ie.in&A^fc. MB 

^S^|3IB#8SftnLfcti^«. as g r ownfertH^ 
W hW^liATSfcs!), (i^©a s grownWai 

[0 02 3] C © J: ^ ^;-> V 3 >#MSaStC f ^ 





(5) 



s/cm 3 JjLt. A^ii5xi0"atoms/c 

[0 02 4]-*. r-'^x^n-tzXl^MS^Jcjro 

-S. cniT©64MB DRAM^-CtDr^V X7"D 10 
•feX-Cii, ^D-fe^^tci 1 0 0 •CJEU:©aHMW8SS*i 

■»tl>fc. L*»U 1 2 8MB«P$©DRAM:7'a-tz;* 
tcfot»Ttt. ?^V*:/oir;*©^ffiSK#£i*WK: 
(g&tt (ftflFSgr-fe i i oo"c«T) rsftffltcas 

*ffiifi»«:B«#fU«j««tB3|rt>-r<tt*. fijST-n-b^ 

ftiSi&g* 5 1 0 0 0 "C-C4 0#ra*WHi*5Wfc*t^. 

©M*a«K©¥a«Tte&^TC»fc. <k^r. c©«« 
r«miRt , TW«:«^£*j tmcMLx. 2- 

5Mm*t?«. a«Jl^^©K^lK©*^«±{C% 
oTfcD. BfflS*fm«J36«fi8fiL.»-B««T?**. «*. 

^y-^WttK3B»aBS:#it*Ci3W^ffl3n-B. — fl$ 30 
ft&«&98t?& 52 0mm ! LT, p n <J 

•St. ^ffi*^65 wm*-C©?3l$K:*3Cir. 5X10' 
fS/cm 3 Cc£r£. «tiT, ^i/^I*>?>5(imJ:0 
&l^i$©^fiS®a£5x 1 0 4 ffi/cm J ferRt-r&C 
<t*JS*L/t,>. 

[002 5] tt±©ci*6. ^A-r^ya-fe^f^Jcte 
ivc -?x^^ffi*»6 5 u m <fc 0 abWH©KKttlK* 5 
x 1 O'l/cm'tiTKlt, J**<fr&©*RlBflE«: 1 
O'ffl/cm'fcLtK: ■*"*££«:«»:»). {Efl^o-feXfft-C 40 

4Stt "C* 5 J: 9 fc . Etc o D nff ©<S*i fc f'J a >^ 
iSSJaSStf-Ct*. ^^©r'WX-CSSffli* 
ti -2> oJtfett©* £ fgS fvi ^ * ? u -fe x T^ffl-T £ •> 'J 
3>#ttfifflfttt. COPSgfiiiCttlxt, C<D£5 

[002 6 ] COP#l 0'«/cni'tiT«:ft*«t^tt 
W. IW©raSi6xiO"atonis/cni 50 
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«fcW*l,< «4 x l o 1 ' a t om s/c m 3 Ji* 
TW4Ci#a*l/i>. C©aiK©ttH«ctot»-c. M 
xtflOOO'C. 4 0#©7*P-feX&* , ffl£if-?/cJi 
^, iI5i/m©i3t, MHiK>BS4x 1 0 w a t o 
m s /c m'tlT"?. fr^mm§iWfimW£fr^(M<D 

*^*as»iutei»i6fl©*§£. wmigg.*Ttf*>tm 
mmmmmti&rm>. cntt*tbr. ^i^jg^^ 

xlO"a t oms/cm 3 «±&l>£^tfrl±Se<*ai 
mc ^^©afltGUittsfiW-r* 
6. 

[002 7 ] ^(C. ±i&UX$tci")^>mteM,&m<D 

[002 8 ] ^3?t£ lxio 13 atoms/cm 3 ~l 
x l o 16 a t oms/cm'ttf>";a>fMa?:B ; S 
-r&fc&tett. dff©il8^6. ~> , ;3>gt^ct3«:i x 
1 0 ,6 a t oms/cm 3 — 1. 5xi0"atoms 
/cm J ©if?;iiDt5^*6. C©^, 1. 
5xi0"atoms/c m 3 Zfflj&L-cmiNZtltcm 
B*IRK:iB<fc*fc©. ^teJBWbWSc 9 

[0 0 2 9 3 r*ili£5x 10 ,6 atoms/cm 3 ~l 
x 1 0 ls a t o m s / c m J 'J 3 >#Mi4WlS 

-r-sfciMcw. «*f©n8#^6. ^'j^ymmtpicb x 

10"a t oiiis/cm 3 ^]:©^^^^ 
— ^ 'J 3 >|tegcti(c^*i 1 x l 0 ,s a t o 
ms/cm 3 ^rMjlL/-C^ftn$ti/cig^-. S^CCifi< 

[003 0 ] ^3Rij^SS%|5I^*nL/c-> U 
©Wl^frJCOCirtJ. V/G (mm'/'C • m i n) 
*50. 2W±T'$>n^ctt ( >o S**gSR*8SliaLfct>?J& 
^©J#^> V/G (im'/'C • m i n) *S0. 2JW± 
©ifr-Cii. jfi*J5:M^ft*sH?gl1iffl*>6iJ¥A3n. 
K^RS. Bn%COP*i^3ti.S 0 LfrO, mMt 

af*>6«A3nsfe©©. ^ti^itmm^&c^t^tc 

ttt>tci\ v/G«A*<^cntf. -e*afc*WV*5A#< 
ft£©r£jgt4#fi±T&o v/G©±Kgtc-o(,^TW# 
*C«3eUftl»*J. 3R«E©jlF«j636»6». o. 35&mn 

±<D±mct£2>. v/Gifio. 2*^©n^. mm&w 





(6) 



[oo3i] &iTic*mw<Dnmm&mi xmw? & 

[0032] 

mum) (mmmi) *mmmtcm\.*e>tizf)=» 

$micm^t>ti&i><Dx-$>tit l £, #ccfwi&;*n&fc©r io 
«&i> 0 c©8E**WBLTWJ5Ss*ifc*>y ^i^n, 

(200mm) . 8. 5~10. 5 Q c mX*&> 

mmmt > y >u«©s^6#m u fc. KaggsMs. 

*©«SR«ifl£tt. &A LfcKf©S£iiy y a >fi&®© 
fi#>e>#mo/c ?l±i!SV (mm/mi n) . 20 
1 3 0 0 -CST*©IS H B B R)46IA*fS)©^%®S^ieG CC 
/mm) <tL/fci^OV/G4r^b5-a-S/cJ?>. *SJ|Ji£ 

[0033] c©tta*»6f u 3>mtejus«*iw») m 

It, «T©ffHI*fT-?fc. c©->y=i> 
SI(SIMS) £fflt>-CriJ?£0/c o i£S?l?&a. %Mm 30 
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*R5Sg£«'J^-r£fc«>. H,C\ H.O,, NH,OH£ 
MitSSC- m^ffi-CjJt^L. iSSfegt-CO. 1 
ym^±©COP£«ffiM^ftT-aiJ)£b/c. COP©* 
m^ti. SC- l©l£9£Lft#£*Tofcl&i5F©COP 
if fllltfci -Hi© S C - 1 i5£#-C© V y 3 

5 L >ysa>6^tf)/c„ c©<£-5{cl-C5|<<5o/c 
XffiflSKtt. S«SIM©*>©-C«fc5#. as grow 

[0 0 34] BMbjmSfflf$tt*IWr*fc«>K:. 1 0 0 
0-C. $at§ISSg*-Cgl£JhC£2 5nm©f- r^fbJg* 
-?-©Jb&cJf<& 5 0 0 n m . Mf»2 0mm 1 ©rKo 
>¥ — y v"J 3 >?Iffi£ft/^fc-M OS + t^^f- 

ffi£3tifc*5 0. lA/cm'©»l©^-mtiKMi 
S^Fl^mW^l lMV/cmJW±*7F-TMOS **>^> 

[0035] sfc. p nt%&')-i>nm&mm-rz>tcit> 

(C. Tfe©^fr-Cp nS^^t- K*fBS0fc. * 

•r. -> y 3 looo-c, $£*ii&s#Hm 

*-C«flfflMb*fTl». y>*5x 1 O'Vcm'-f^ 
&A Lfcfg&C. 1 0 0 0 *C. 3 0 #©g3&#K»T F 5 

•C. ^-Fy^^e^BBgUr. png^t-H 
*m&L/c„ «fHB2 0mm'f, 8^>^ (20 
0 mm) SSOII^K 5 4 7 *i^«Hfc. 
ffil/t, SfiKT. i^W7;*1IEE£3 0 VEflttlU 
*©^(C»n4«i*#i 1 P AJ^Tr&-?fc^©it^£ 

^ttmtutc. mm^m^immh^tt>xm.iiC7ik-r. 

[0036] 
[SU ] 
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->>J =r>jS«£rti 


> U ^ >*7 -X>\rfi 




as grown tr^-s* 


{aiom$/cm 3 | 


V/G 
ImmYCminJ 


(aSDmsfan*l 




[&tamVcm } | 




\&&$%] 






5.00E+17 


0.1 


1.00E+13 


5.00E+16 


8.00E+17 


<le4 


98 


90 




7.00E+I7 


0.1 


5.00E+13 


7.00E+I6 


8.00E+17 


<1c4 


96 


90 


&mn 


0 


0.2 


0 


0 


8.00E+17 


7.40E+06 


20 


100 




7.00E+I7 


0.2 


0 


7.00E+16 


8.00E+17 


2.80E+05 


62 


100 


jt«« 


0 


0.2 


5.00E+13 


0 


8.00E+17 


1.30E+O5 


55 


100 




1.00E+17 


0.2 


1.00E+I2 


1.00E+16 


8.00E+17 


4.10E+05 


42 


100 




5.00E+I7 


0.2 


I.00E+12 


S.O0E+16 


8.00E+17 


4.20E+05 


35 


100 




7.00E+17 


0.2 


I.00E+I2 


7.00E+16 


8.00E+17 


2.30E+05 


74 


100 




I.OOE-t-17 


0.2 


l.OOE+13 


I.00E+16 


4.00E+17 


6.50E+05 


67 


100 




5.00E+17 


0.2 


I.OOE+13 


5.O0E+16 


4.00E+17 


3.50E+O4 


96 


100 




7.00E+17 


0.2 


I.0OE+L3 


7.00E+16 


4.00E+17 


<lc4 


99 


100 




I.00E+17 


0.2 


1.00E+13 


1.00E+16 


8.00E+17 


2.30E-K)5 


75 


100 


Kim 


5.00E+17 


0.2 


1.00E+13 


5.00E+16 


8.00E+17 


4.80E+04 


93 


100 




7.00E+17 


0.2 


I.OOE+13 


7.00E+16 


8.00E+17 


<!e4 


100 


100 




I.00E+I7 


0.2 


5.00E+13 


1.00E+16 


8.00E+17 


8.40E+05 


82 


100 




5.00E+17 


0.2 


5.00E+13 


5.00E+16 


8.00E+17 


<le4 


94 


100 




7.00E+I7 


0.2 


5.00E+13 


7.00E+16 


8.00E+17 


<le4 


98 


100 




5.00E+17 


0.3 


I.00E+13 


5.00E+16 


8.00E-H7 


I.30E+04 


95 


100 




7.00E+17 


0.3 


5.00E+13 


7.00E+16 


8.00E+I7 


<le4 


100 


100 



[0 03 7] CCV r 1 e4j iB, r 1 E + 0 4 J CD 

[0 0 3 8] SiftigKan xi0"at om s/cm 5 
JiLh, *>OKl»i5xlO u atoiBs/cm , a 
Jh<D&<Dtt. XM&j&ifil 0 s {@/cm 3 trF£&9. Wt 

gSRi^ftU x 1 0 1 ' a t oms/cm'ttl*^ 
ffiAiSXlO^atoms/cm'td, S^tCMsg 30 
rlS*55 x l 0 13 a t oms/cmH^liJWJii 
?Iflf*57 X10"at onis/cni'KitWfc© 
tt. ^^S^tBrFIRfB-C* SlO'i/cm'OTT 

& i mwmicm&-c$>r>tc Q wm&&wi x 1 o 

"atoms/cm 1 *!, *-2>t,^*R^S* s 5 x l 
Catoms/cm^iO^B, fcKiSH*** 1 0 5 
My c m 3 M t ft <0 . Rft *»f jE®£4g3p fc 9 0 %5fc?ii 



i«CO. H^WCCtt^r^ofc. fete. BK£££<D&1> 

-jfc. V/G (mm'/'C • mi n) ^0. 1CD&CD 
«. ^KflMtoVl O'l/cm'tlKiO, SNMHftE 

%-C£>-?fc„ png^'J-^V/G^O. 2<Di><DiC 

[003 9] ( $mm 2) is'J^ >fSm©5 1 # .htf & 
O'^Sg • r*S<DSsflnffitt3i]!i&plJ 1 iBI«rft*. 

[0040] ccD^A^e>woi±iorfpgcb?c^';3> 

[0 04 1 ] 
1*2] 



13 



(8) 



1IS B .850'C X^ttlminCwetCg 



2& g ,750'C X 1 80min(N 2 ) 



3&B.1 OOP'S X^mintdryOz) 



4&B.550''CX6hf(N 2 ) 



515 B .800'C X 1 20min(N 2 ) 
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»m 


™ m 


siect) 


700 


700—850 


850 


850— 700 


700 




**•♦ 


8 


»*+* 


2.5 






**** 


0:18 


0:40 


1:00 


**** 




N 2 +3%0 2 


N 2 +3% Q 2 


wet Oj 


N 3 


N 2 











ML 


m 




700 


700—750 


750 


750—700 


700 




**** 


8 


**** 


2.5 


**** 




**** 


0:06 


3:00 


0:20 


**** 




N 2 


N 2 


N 2 


N 3 


N 2 









«» 




9lll| 




700 


700—1000 


1000 


1000—700 


700 




**** 


8 




15 


**** 




+4*+ 


0:37 


0:40 


2:00 


**** 




N 2 


N 2 


o 2 


N 2 


N 2 





!*A 




«» 


*}1 


9\m 




400 


400—550 


550 


550—400 


400 




**** 


8 


**** 


1 


***+ 


WW 


**** 


0:18 


6:00 


2:30 


**** 




N 2 


N 2 


N 2 




N 2 







ff-M 


«» 




3im 


auEco 


700 


700—800 


800 


800—700 


700 




**** 


8 


**** 


Z5 


**** 




**** 


0:12 


2:00 


0:40 


**** 


*BBiC 


N 2 


N 2 


N 2 


N 2 





[0 04 2] 3CCC=#£H«LSTD;*+ + :*- (MO- 
6) *Jfll>T» mfiXffiZmMLtc. IgiLttt. 5 
0 n mtl±©fc|«*lftltir*.& J: 5tc*fl=»ffiOfc. ^ 

7?Htt©OPP(Optical Precipit 
ate Profiler) *ffll»/c. flffiEgfetttt. U 

— tr-©r s 9 -mmmwfr^mm 



40 



C 0 0 4 3 ] fiSf^ X$i*fiffif£© p n 

C0 044] s/c. isja^wx^nMiiigcy 

i4')i^*Iii:iO ,, atoms/cm , Mb, M 

os^*- Fex&Lfc. y- nMbo*m*. i o 

OO'C, 3 0^, dryO,t ^kK/S« 3 0 0 n m 
itfc. *©». MOS-C-tS(cj:| l ^7-f7f 

r. 

[0 045] 
(313] 



15 
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v/o 

[nnr^/Cmin] 




as grown^i/ 




[atoms/cm 3 ] 


[aiomsA^n 5 ] 


[atoms/era 3 ] 


[aiotns/cm 3 ] 


[€)/cnv 5 l 


LEU /\ n*J 






[msec] 




0 


0.2 


0 


0 


6.00E+17 


5.90E+O6 


7.60E+06 


130E+06 


53 


5 


Jt«« 


5.00E+17 


0.2 


0 


5.00E+16 


6.00E+17 


4.50E+05 


3.60E+05 


230E+09 


35 


23 




0 


0.2 


1.00E+13 


0 


6.Q0E+17 


8.70E+05 


5.40E+05 


5.40E+09 


46 


26 




5.00E+17 


0.2 


1.00E+13 


5.00E+16 


1.00E+18 


2.40E+04 


8.90E+O4 


7.49E+09 


74 


25 




5.00E+I7 


0.2 


1.00E+13 


5.00E+16 


8.00E+17 


3.60E+04 


6.80E+O4 


8.60E+09 


82 


28 




5.00E+17 


0.2 


I.00E+13 


5.00E+16 


6.00E+17 


2.70E-KJ4 


2.50E-KW 


4.80E+09 


94 


24 




5.00E+17 


0.2 


I.00E+13 


5.00E+16 


4.00E+17 


1.60E+O4 


<lc4 


9.40E+09 


98 


30 



[0 0 4 6 ] mm&&&l x 1 0 lJ a t om s/cm' 

*5l,>ttSSW5xiO"atoms/cm 
**$§©£>©«:. as g r ownrm htitcXf&tm 

X10 ,j at oms/cm J ti±*o^iggA5 5X 1 
0" a t o m s /c m 3 fcU:©t§-£\ as grown 
tJ^t!OT(i4x 1 O'l/cm'tiTTSofc^. & 
MlitJ, fi!§a6xi O l 'atoms/cni J ^ffl 20 
lA-rZkWm'ffiXffc&bx 1 0*fll/cm 3 e£fc9. 
P nStey-^WtttflMSiiKe X10"atoms/ 
c m'WTOfcOtCtb^TSTSfcofc. Kg&ifigj&U x 
10"atoms/c m 3 © &©«, ft&JI&OgloffiK 
BiS**ilCrFliRffi-Cft* 1 0'fl/c m 3 «T-e$>0 . p n * 



[0047] 

UMBOS**] a*^W©^y=»>*ISfiStRB. Stfbfll 

webbs* t© fj u xnmc m nr *$ o . ttc^su 

5MO S *W ^ffl^ x/^*KjSf 4©{C«jatti' y a 



(72)2feBJ3# IS Ife 



(72)^^ 
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